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(54) Semiconductor device and portable termiani equipment 



(57) A seme on ctuc device (1) is provided that is 
functionally divided mto blocks The power supply sys- 
tems of the Dfocks nro divided mio a non-controlled pow- 
er supply group (2) m wrier power is always on and con- 
trolled power supply groups (3, to 3 n ) in each of which 
groups a supply o' pewer can be turned on/off independ- 
ently When a powc supply system control part (5) of 
the non-controlled power supply group (2) outputs a 
control signal for power on a power switch part (8 n ) 
turns on to release the controlled power supply group 
(3^ from the sleep mode, so that the first processing 
part (6^ starts intermittent operation. Only when it is de- 
termined that a first next-processing necessity deter- 
mining part (7,) determines necessity of the next 
processing, a control signal is generated to activate the 
next power supply group Trie blocks unnecessary for 
processing are not supplied with power, so that no leak- 
age current flows and power consumption because 
thereof can be reduced. Such a semiconductor device 
is directed to making unnecessary circuit operation in- 
active to reduce power consumption because of leak- 
age current. 
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Description 

[0001] The present invention relates to semiconduc- 
tor devices and portable terminal equipment, and more 
particularly, to a semiconductor device that realizes 
power reduction in such a manner that a supply of power 
to part of the internal circuit is periodically turned on and 
off in a standby mode in which no communication takes 
place, such as a baseband LSI (Large-Scale Integra- 
tion) in W-CDM A (Wideband Code Division Multiple Ac- 
cess), and portable terminal equipment using such a 
semiconductor device. 

[0002] Recently, the LSI fabrication process has im- 
proved the minimum feature length, and has realized a 
transistor having a gate of 0. 1 0 jLim is close at hand. Min- 
iaturization increases integration of mounting transis- 
tors, while requiring reduction in the threshold voltage 
that defines LSI operation. This would result in increase 
in leakage current thai flows through transistors in 
standby mode. That is, a large current flows only by 
power on even when the circuit is not in the active mode. 
This is an essential problem. Battery-driven portable ter- 
minal equipment, such as a cellular phone, is required 
to keep the internal circuit in standby mode. Increase in 
leakage current would bring about various practical 
problems such as shortening of the continuous talk time 
and standby time. 

[0003] FIG. 9 is a flowchart of an intermittent receiving 
in a W-CDM A communication system, and FIG. 10 is a 
timing chart of control timing in the intermittent receiving. 
[0004] Terminal equipment is called by a base station 
in the W-CDMA communication system as follows. 
[0005] In standby mode : a supply of power to hard- 
ware MHW and its processor (DSP: Digital Signal Proc- 
essor) in a modem part of the equipment as well as hard- 
ware CHW and its processor CDSP in a channel codec 
part is periodically turned off (sleep mode) and on 
(sleep-released mode) every two seconds, for example, 
every 1 .2 seconds, and intermittent receive takes place 
as long as power is on. 

[0006] When intermittent receive starts from the sleep 
mode of the terminal equipment (step S1), a supply of 
power to the modem part and the channel codec part is 
turned on (step S2), and the processor CDSP of the 
channel codec part start the boot process (step S3). 
Next, the modem part receives a signal over PICH (pag- 
ing Indicator Channel) (step S4). The PICH is a channel 
for transferring a call indicator sent for notification of a 
call received at any of portable terminal equipment in a 
base station in which the location has been registered 
(in-group incoming call). The modem determines wheth- 
er there is an in-group incoming call (step S5). The hard- 
ware CHW and its processor CDSP in the channel co- 
dec part are notified of the determination result. 
[0007] If it is determined that there is no in-group in- 
coming call, the modem part is switched to the sleep 
mode, and the hardware CHW and its processor CDSP 
in the channel codec part are switched to the sleep 



mode (steps S6 and S7). In contrast, it is determined 
that there is an in-group incoming call, the modem part 
receives the paging channel PCH immediately (about 
two seconds) soon thereafter (step S8), and determines 
5 if the in-group incoming call is directed to its own port- 
able equipment by checking the paging channel PCH. 
The hardware CHW stores data of the paging channel 
PCH (step S9). The processor CDSP of the channel co- 
dec part sets a decode parameter (step S10) after it is 
10 determined there is an in-group incoming call. The hard- 
ware CHW of the channel codec part decodes the pag- 
ing channel PCH by using the decode parameter set by 
the processor CDSP (Step S1 1 ). 
[0008] As described above, the paging indicator 

is channel PICH is a physical channel that can simply be 
determined only by demodulating (de-spreading and 
decision), while the paging channel PCH has been bit- 
interleaved and has been processed in error correction, 
needing a particular decoding process therefor. 

20 [0009] In receive check processing, the paging indi- 
cator channel PICH is intermittently decoded (every 1 .2 
seconds) in modes other than the talk mode (in standby 
mode). A supply of power to the conventional baseband 
LSI is off (sleep status) during the time other than the 

25 intermittent receive. In contrast, power is supplied with 
all the circuits of the LSI during the intermittent receive 
irrespective of whether theres is a call. 
[0010] However, complexity of the communication se- 
quence in W-CDMA results in an extremely large circuit 

30 scale and makes it difficult to reduce power consump- 
tion. 

[0011] In addition, recent improvement in the mini- 
mum feature scale would cause a larger leakage cur- 
rent, which is negligible as compared to the operating 

35 current and brings about difficulties in power reduction. 
[0012] In a previously-considered system, leakage 
current flows in a circuit that is not originally needed to 
operate when there is no call in intermittent receive 
(sleep-released mode). This increases current con- 

^0 sumption and shortens the continuous talk time and 
standby time. 

[0013] It is therefore desirable to provide a semicon- 
ductor device that makes unnecessary operation inac- 
tive and thus reduce power consumption because of 

^5 leakage current. 

[0014] According to an embodiment of a first aspect 
of the present invention there is provided a semiconduc- 
tor device having a plurality of blocks that are sequen- 
tially processed step by step. The semiconductor device 

50 includes power supply systems respectively provided in 
the plurality of blocks, the power supply systems being 
divided into a non-controlled power supply group in 
which power is always on and controlled power supply 
groups in each of which groups a supply of power can 

55 be turned on/off independently, the non-controlled pow- 
er supply group comprising power system controller for 
controlling a timing for turning on/off a power supply sys- 
tem of at least one of the controlled power supply 
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groups, each of the controlled power supply groups ex- 
cept a final stage thereof comprising next-processing 
necessity determining unit for determining whether 
processing at a next stage is needed on the basis of a 
result of determination processed in its own controlled 
power supply group. 

[0015] According to en embodiment of a second as- 
pect of the present invention there is provided a portable 
terminal wherein a supply of power to a block unneces- 
sary for intermittent receive control processing during a 
time otherthan intermittent receiving in a standby mode, 
the portable terminal equipment comprising: timer, be- 
longing to a non-controlled power supply group in which 
power is always on, for generating a first control signal 
that turns on a supply of powerto a first controlled power 
supply group including a first block necessary for deter- 
mination of in-group incoming call and turns off the sup- 
ply of power during a time other than the intermittent 
receiving; first power switch for turning on/off a supply 
of power to the first controlled power supply group in 
accordance with the first control signal from the timer; 
incoming call determining unit, belonging to the first con- 
trolled power supply group, for generating a second con- 
trol signal that turns on/off a power supply to a second 
controlled power supply group including a second block 
necessary for processing an incoming call on the basis 
of determination of an in-group incoming call by the first 
block; and second power switch for turning of/off power 
supply to the second controlled power supply group in 
response to the second control signal from the incoming 
call determining unit. 

[001 6 J Reference will now be made, by way of exam- 
ple, to the accompanying drawings, in which: 

FIG. 1 is a diagram of a principal structure of a sem- 
iconductor device according to an embodiment of 
the present invention; 

FIG. 2 is a block diagram of a structure of a base- 
band LSI according to a first embodiment of the 
present invention; 

FIG. 3 is a flowchart of an intermittent receiving op- 
eration in the baseband LSI; 
FIG. 4 is a timing chart of a control timing of the in- 
termittent receiving operation; 
FIG. 5 is a view of a parameter interface between a 
modem part and a channel codec part; 
FIG. 6 is a view of processing timing between the 
modem part and the channel codec part; 
Fig. 7 is a block diagram of a structure of a base- 
band LSI according to a second embodiment of the 
present invention; 

FIG. 8 is a diagram of a power switch of MT-CMOS; 
FIG. 9 is a flowchart of intermittent receiving in 
W-CDMA; and 

FIG. 10 is a timing chart of control timing in intermit- 
tent receiving operation. 

[0017] First, a description will be given of an outline 



of an embodiment of the present invention with refer- 
ence to the accompanying drawings. 
[0018] FIG. 1 shows a principal structure of a semi- 
conductor device embodying the present invention. 

5 [0019] A semiconductor device 1 embodying the 
present invention is functionally segmented into blocks, 
and power supply systems associated with the respec- 
tive blocks are divided into a non-control power supply 
group 2 and controlled power supply groups 3 1 to 3 n . In 

io the non-controlled power supply group 2, power supply 
is always on. In each of the controlled power supply 
groups 3 1 to 3 n , a supply of power can be controlled to 
on and off independently 

[0020] The non-controlled power supply group 2 in- 

15 eludes a CPU (Central Processing Unit) 4 that controls 
the entire semiconductor device 1 , and a power supply 
system control part 5. The part 5 is a block that controls 
the timings of turning on and off at least one of the con- 
trolled power supply groups 3 1 to 3 n . 

20 [0021] The first through (n-t)th controlled power sup- 
ply groups 3 t to 3^ have first through (n-1)th process- 
ing parts 6 t to 6^, and first through (n-1)th next- 
processing necessity determining parts 7 n to 7^.,. The 
first through (n-1)th processing parts 6 1 to 6 rv . 1 perform 

2$ processing in the respective groups. The next-process- 
ing necessity determining parts 7 1 to 7 n ^ determine 
whether processing by a block in another group is need- 
ed by referring to the results of processing by the first 
through (n-1)th processing parts 6 1 to 6^, respectively 

30 The n-th controlled power supply group 3n includes the 
nth processing part 6 n only. 

[0022] In the semiconductor device thus configured, 
the non-controlled power supply group 2 is directly con- 
nected to an external power supply, and the first through 
35 nth controlled power supply groups 3-, to 3 n are connect- 
ed to the external power supply via power switch parts 
8 1 to 8 n . 

[0023] The first power switch part 8 1 is controlled by 
the power supply system control part 5 of the non-con- 

40 trolled power supply group 2. The first next-processing 
necessity determining part 7 1 is connected so as to turn 
on/off the power switch part of the controlled power sup- 
ply group of the next stage. A similar connection is made 
for the controlled power supply groups of each stage f ol- 

45 lowing the above-mentioned next stage. The (n-1)th 
next-processing necessity determining part 7 n . 1 in the 
(n-1)th controlled power supply group 3n is connected 
so as to turn on/off the power switch part 8 n that controls 
the power supply system of the nth controlled power 

50 supply group 3n. 

[0024] In the semiconductor device 1 having the 
above-mentioned structure, the power supply system 
control part 5 of the non-controlled power supply group 
5 in which power is always on outputs a control signal 

55 that turns on the power supply system of the first con- 
trolled power supply group 3 n when processing by the 
first processing part 6 1 in the first controlled power sup- 
ply group 3 A is needed. Further, the part 5 outputs an- 
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other control signal that turns off the power supply sys- 
tem of the first controlled power supply group 3 t when 
processing by the first processing part 6., is no longer 
needed. 

[0025] When the part 5 outputs the power-on control 
signal in the sleep mode in which power supplies to the 
first through nth controlled power supply groups 3., to 3 n 
are off, the power switch part 8 1 is turned on, so that the 
first group 3^ can be released from the sleep mode. This 
causes the first next-processing necessity determining 
part 7 1 to initiate intermittent operation. If the result of 
processing shows that the part 7-, does not need the 
next processing, the power switch part 8 n is turned off 
by the power-off control signal sent by the power supply 
system control part 5 when a given time elapses, the 
controlled power supply group 3-, thus returning to the 
sleep mode 

[0026] If the first next-processing necessity determin- 
ing pari 7, determines ihc necessity of Ihe next process- 
ing due to the tc^urt of tr»u internment processing by the 
first processing p*rt o, the first next-processing neces- 
sity determining p^n 7 t ojtpots the power-on control 
signal, thus coniroa^q r*e ">ci? controlled power supply 
group to the s ceo rctca&mq mode so that processing 
can be caused !c ti%rx 

[0027] If the 'C4w*t o f the r^oc ossmg of the processing 
unit of the cont'o »ec px-wc* » jppty group thus initiated 
shows that thr-re k r>o noit pforessing the processing 
is interrupted nnci ron roflod power supply groups 
sequentially reuses from the s eep mode by the flow 
of processing up to now are turned off, and are thus 
caused to return to sleep mode. 
[0028] In processmq that is taken over step by step in 
the semicondjetor device 1. the groups needed for 
processing arc sequentially powered, while power sup- 
plies to the remaining groups subsequent thereto are 
off. Thus, no leakage current flows in the remaining 
groups, so that power consumption can be minimized. 
[0029] The configuration shown in FIG. 1 may be 
modified so that the power switch parts are integrally 
provided in the semiconductor device 1 . In this modifi- 
cation, if the circuit scale of the controlled power group 
of one function, the group may be divided into groups in 
order to prevent huge current from concentrating on one 
power switch part The divided groups are connected to 
respective power switch parts which may be simultane- 
ously controlled by the power supply system control part 
5 or the next-processing necessity determining part. 
[0030] A description will now be given of an embodi- 
ment of the present invention in which the present in- 
vention is applied to a W-CDMA baseband LSI. 
[0031] FIG. 2 is a block diagram of a structure of the 
baseband LSI according to the present embodiment of 
the invention. 

[0032] A baseband LS1 1 0 is equipped with a CPU 1 1 , 
which controls the entire baseband LSI 10, and a timer 
part 12, which controls the timing of intermittent receiv- 
ing. The CPU 1 1 and the timer part 1 2 belong to a power 
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supply group A with which power is always supplied. 
[0033] The baseband LSI 10 is equipped with a mo- 
dem part, which includes a modem hardware part 13 
and a modem processor 14. The hardware part 13 de- 

5 modulates the received signal from a receiving part 1 9. 
The modem processor part 14 collaborates with (con- 
trols) the modem hardware part 1 3. The modem part be- 
longs to a power supply group B, which is powered at 
the time of intermittent receiving. The modem hardware 

10 part 13 has a PICH demodulator part 13a that demod- 
ulates the paging indicator channel PICH, and a PCH 
demodulator part 13b that demodulates the paging 
channel PCH. The modem processor part 14 has an in- 
coming call determination part 14a. 

15 [0034] Further, the baseband LS1 1 0 is equipped with 
a channel codec part, which has a channel codec hard- 
ware part 15, which decodes data from the modem hard- 
ware part 13, and a channel codec processor part 16, 
which collaborates with (controls) the channel codec 

20 hardware part 1 5. The channel codec part belongs to a 
power supply group C, which is not powered until a call 
is received. The channel codec hardware part 15 has a 
PCH decoder part 1 5a, which decodes the paging chan- 
nel PCH. 

25 [0035] The power supply system of the power supply 
group A is directly connected to an external power sup- 
ply (battery), and the power supply system of the power 
supply group B is coupled to the external power supply 
via a power switch 1 7. The power supply system of the 

30 power supply group C is coupled to the external power 
supply via a power switch 18. The power switch 17 
switches over by a control signal from the timer part 12 
of the power supply group A. The power switch 1 8 is 
controlled by a control signal from the incoming call de- 

35 termination part 14a of the modem processor 14. 

[0036] The modem hardware part 1 3 is provided with 
a hardware line 20 over which a parameter necessary 
for initial processing is passed until the channel codec 
processor part 1 6 is booted with respect to the channel 

40 codec hardware part 15. 

[0037] The baseband LSI 10 thus configured oper- 
ates as follows. 

[0038] FIG . 3 is a flowchart of an intermittent receiving 
operation in the baseband LSI, and FIG. 4 is a timing 
45 chart of control timings of the intermittent receiving op- 
eration. 

[0039] In the baseband LSI 10, the CPU 11 and the 
timer part 1 2 of the power supply group A are always 
active in the standby mode. The timer part 12 outputs a 
50 control signal for intermittent receiving to the power 
switch 1 7 every 1 .2 seconds 

[0040] It is now assumed that the power supplies to 
the groups B and C are off, so that the modem hardware 
part 1 3 and modem processor part 1 4 of the modem part 
55 and the channel codec hardware part 15 and channel 
codec processor part 1 6 of the channel codec part are 
in the sleep mode (step S21). 

[0041] When the power switch 17 is turned on in re- 
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sponse to the control signal from the timer part 12, a 
supply of power to the group B is initiated, so that the 
modem hardware part 13 and the modem processor 
part 14 are released from the sleep mode (step S22). 
Next, the modem hardware part 13 inputs the paging 5 
indicator channel PICH received by the receiving part 
19, and demodulates it at the PICH demodulator part 
13a (step S23). The incoming call determination part 
1 4a of the modem processor part 1 4 determines wheth- 
er there is an in-group incoming call by referring to the io 
demodulated paging indicatorchannel PICH (step S24), 
If there is no in-group incoming call, the power switch 
17 is turned off by the control signal from the timer 12, 
so that the power supply group B switches over to the 
sleep status. That is, if there is no in-group incoming 15 
call, only the power supply group B is active without sup* 
plying power to the block C. 

[0042] If the incoming call determination part 14a de- 
le-mines that there is an in-group incoming call, it turns 
or the power switch 18 to activate the channel codec 20 
pr-.n 8 (step S25). That is, as shown in FIG. 4, power is 
nol supplied to the power supply group C until the in- 
qroup incoming call is confirmed by the determination 
b> the modem part of the power supply group B. By in- 
itiating 4 , supply of power to the group C : the channel 25 
ccoec group is released from the reset status, and a 
rp y ct power to the channel codec hardware part 15 
rj rn^nroi codec processor part 16 is turned on 
^*>> nnfi S?7) This releases the channel codec 
h.-.fjw*rc part 15 and the channel codec processor part 30 
it t'o^n n e skreomede (step S28), and the channel co- 
a*< p'ocessor 16 starts boot processing (step S29). 
[0043 1 The modem part inputs the paging channel 
^'O* 'eccwd by the receiving part 19 after the channel 
c c/joc pan is rictrvHtcd and demodulates it at the PCH 35 
demodulator part 13b (step S30). Next, the modem part 
•'.msics me demodulated paging channel PCH and pa- 
ra-nctcs necessary (or initial processing of the paging 
c^mci PCH of the channel codec hardware part 15 
thereto ever trie hardwire line 20. The channel codec 40 

cvirt 15 memories data of the paging channel 
PCm and the parameters transferred from the modem 
pr^ri ana pertorms the initial processing for the paging 
cranici pch such as an interleaving process by using 
the transfc-rcd data (step S31). During that time, the 45 
cfamci cooec p-occssor part 16 completes the boot 
process nnd sets trie decode parameters (step S32). 
The channel codec hardware part 15 performs the de- 
code process tha: is the remaining process for the pag- 
ing channel PCI I by using the decode parameters set 50 
by the channel codec processor part 16 (step S33). 
[0044] In the above-mentioned intermittent receive 
operation the channel codec hardware part 15 sepa- 
rately performs the first half of the processing for the 
paging channel PCH after releasing from the sleep 55 
mode and the second half thereof, while the first half 
uses the parameters transferred from the modem part 
and the second half collaborates with the channel codec 



processor part 1 6. The above separate process will now 
be described. 

[0045] FIG. 5 shows a structure of a parameter inter- 
face between the modem part and the channel codec 
part, and FIG. 6 is a timing chart of processing between 
the modem part and the channel codec part. 
[0046] The modem hardware part 13 of the modem 
part is equipped with a register 21 for storing a paging 
channel receives parameter. The register 21 is coupled 
with the modem processor 1 4 via a bus 22. The channel 
codec hardware part 15 of the channel codec part is 
equipped with the functions of a parameter setting reg- 
ister 23, a parameter address-for- reference setting reg- 
ister 24, an interface register 25 and a selector 26. The 
registers 23 to 25 are connected to the channel codec 
processor part 1 6 via a bus 27. The selector 26 selects 
either the parameter in the register 21 of the modem 
hardware part 1 3 or that in the register 23 of the channel 
codec hardware part 15 on the basis of an instruction in 
the register 24. The parameter selected by the selector 
26 is used for processing such as interleaving of the 
paging channels PCH. The data stored in the interface 
register 25 from the channel codec processor part 1 6 is 
used for demodulating the paging channel PCH. 
[0047] This structure is based on the arrangement in 
which the channel codec processor part 16 is put in the 
same power supply group C in addition to the channel 
codec hardware part 1 5 in the channel codecpart. Thus, 
the channel codec processor part 16 is required to per- 
form the boot processing for initializing the program data 
and table date immediately after the power supply is 
turned on. In some cases, the channel codec processor 
part 16 may not be able to return during the period 
(about 2 seconds) until the associated paging channel 
PCH is received afterthe paging indicatorchannel PICH 
is identified. In order to make ready for the above-men- 
tioned cases, a minimum parameter for enabling the 
channel codec hardware part 15 alone to start process- 
ing without support by the channel codec processor part 
1 6 is passed from the modem part that is already power 
on via the hardware line 20, so that the channel codec 
hardware part 15 can process data of the paging chan- 
nel PCH such as interleaving in advance. For example, 
only the parameter related to the data format of the pag- 
ing channel PCH is passed as the minimum parameter. 
[0048] Next, a description will be given of the flow in 
the operations of the modem part and the channel codec 
part carried out when the in-group incoming call occurs. 
[0049] First, when the received data contains the pag- 
ing indicatorchannel PICH after the power supply group 
B is released from the sleeping state, the modem hard- 
ware part 13 demodulates the paging indicatorchannel 
PICH. Then, the modem processor part 14 makes a de- 
cision on the in-group call incoming. If the in-group in- 
coming call occurs, a supply of power to the power sup- 
ply group C is turned on, so that the channel codec proc- 
essor part 1 6 starts booting. At that time, the parameter 
address-for-reference setting register 24 is released 
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from the reset state due to power on, and the selector 
26 selects the parameter from the modem part as the 
initial value that should be registered therein. 
[0050] The modem hardware part 13 demodulates 
the paging channel PCH following the paging indicator 
channel PICH, and passes demodulator data to the 
channel codec hardware part 15 together with the pa- 
rameter necessary for processing data of the paging 
channel PCH. The channel codec hardware part 1 5 per- 
forms data processing of the paging channel PCH (the 
first half of processing) with the parameter from the mo- 
dem part. The subsequent demodulation processing 
and processing for CRC (Cyclic Redundancy Check) 
bits may not be performed without support by the chan- 
nel codec processor part 16. Therefore, data is stored 
in the interleave memory used in the interleaving proc- 
ess after the first half of the process for the parameter 
from the channel codec hardware part and the modem 
part in the channel codec part is completed. Then, the 
part waits for completion of booting by the channel co- 
dec processor part 16. 

[0051] After completing the boot processing, the 
channel codec processor part 16 starts supporting de- 
coding of the paging channel PCH, and sets the param- 
eter in the parameter setting register 23, switching over 
the selector 26 to the parameter setting register 23 by 
referring to the parameter address-for- reference setting 
register 24. The channel codec hardware part 15 per- 
forms the second half of processing for the paging chan- 
nel PCH by using the parameter in the parameter setting 
register 23 in collaboration with the channel codec proc- 
essor part 16. 

[0052] As described above, in the channel codec 
hardware part 15, the initial status after power on (re- 
leasing from the reset status) refers to the parameters 
from the modem part, and the subsequent processing 
refers to the parameters from the channel codec proc- 
essor part 1 6 after the channel codec processor part 1 6 
completes the boot processing and is restored. This 
makes it possible to handle future channel data other 
than the paging channel PCH. Further, regular process- 
ing can be performed by changing the setting in the pa- 
rameter address-for- reference setting register 24 after 
completion of booting by the channel codec processor 
part 1 6 even when power is on besides intermittent re- 
ceiving. 

[0053] FIG. 7 is a block diagram of a baseband LSI 
according to a second embodiment of the present in- 
vention, In FIG. 7, parts that are the same as those 
shown in FIG. 2 are given the same reference numerals, 
and a description thereof will be omitted. 
[0054] In the second embodiment, the power switch- 
es B and C respectively associated with the power sup- 
ply groups B and C are provided in the baseband LSI 
1 0. The structure and operation of the baseband LSI 1 0 
other than the above are the same as those in the first 
embodiment . 

[0055] The power switches 1 7 and 1 8 in the baseband 



10 

LS1 1 0 may be realized with MT-CMOS (Multi-Threshold 
CMOS). The MT-CMOS is the combination of transis- 
tors that respectively have high and low threshold volt- 
ages. As compared to a switch realized by transistors 

5 of the same threshold value, the MT-CMOS switch can 
realize drastic reduction in leakage current. Reduction 
in leakage current can be used as an on-chip power 
switch for blocks into which the inside of the baseband 
LSI 10 is divided. 

10 [0056] FIG. 8 shows an example of the MT-CMOS 
power switch. 

[0057] An MT-CMOS power switch 30 is equipped 
with a transistor 31 and a level converter 32. The level 
converter 32 inputs a control signal that swings between 

1 5 o V and 0.9 V generated by another power supply group 
(timer part 12 and incoming call determination part 14a), 
and produces therefrom a voltage of 0.9 V that serves 
as a low power supply voltage for driving the circuits, 
and a voltage of 3.3 V that serves as a high power supply 

20 voltage for power switch control. The high power supply 
voltage is used for controlling the power switches con- 
nected to the other blocks in the same power supply 
group. 

[0058] The 0.9 V power supply voltage is connected 
25 to the drain terminal of the transistor 31 , and the 3.3 V 
power supply voltage is connected to the gate terminal 
thereof in the level converter 32. The source terminal of 
the transistor 31 is connected to an inner power supply 
line in the block subject to power control. 
30 [0059] A switching sequence in the power switch 30 
thus configured will now be described. 
[0060] In a case where a voltage of approximately 0 
V is applied to the level converter 32 by the control signal 
generated by an internal circuit in a group other than the 
35 group controlled by the power switch 30, the level con- 
verter 32 does not perform level conversion. Thus, the 
gate voltage of the transistor 32 is 0 V, so that it is cut off 
and the power switch 30 is off. 

[0061] Next, when a voltage of 0.9 V is applied to the 
40 level converter 32 as the control signal, the level con- 
verter 32 converts boosts the 0.9 V voltage to 3.3 V. The 
3.3 V voltage is applied to the gate terminal of the tran- 
sistor 31 , and the 0.9 V voltage output from the level 
converter 32 is applied to the drain terminal thereof. 
45 Thus, the transistor 31 is turned on and the power switch 
30 is also turned on, so that the internal circuit can be 
activated. 

[0062] As described above, according to an embodi- 
ment of the present invention, the inner circuitry of the 

50 semiconductor device is divided into blocks, which are 
grouped into the non-controtled power supply group in 
which the power supply is always on and a plurality of 
controlled power supply groups in which power supply 
is independently controlled, wherein on/off control of 

55 power supply is performed in processing order for each 
controlled power supply group. Thus, in the application 
of an embodiment of the present invention to the base- 
band LSI designed to W-CDMA, the on-chip powersup- 
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ply control is combined to the intermittent receiving con- 
trol. First, power is supplied to only the modem part dur- 
ing intermittent receiving (releasing from the sleep 
mode), and the paging indicator channel is demodulat- 
ed. Only if an incoming call is determined, power is sup- 5 
plied to the channel codec part, while the channel codec 
part is continuously supplied with no power if there is no 
incoming call. In intermittent receiving, if there is no in- 
group incoming call, the channel codec part is supplied 
with no power, so that no current flows therein. It is there- 10 
fore possible to reduce power consumption in standby 
mode and lengthen the standby time. 
[0063] The foregoing is considered as illustrative only 
of the principles of the present invention. Further, since 
numerous modifications and changes will readily occur *s 
to those skilled in the art, it is not desired to limit the 
invention to the exact construction and applications 
shown and described, and accordingly, all suitable mod- 
ifications and equivalents may be regarded as falling 
within the scope of the invention in the appended claims 20 
and their equivalents. 

Claims 

25 

1 . A semiconductor device equipped with a plurality of 
blocks that are sequentially processed step by step, 
comprising: 

power supply systems respectively provided in 30 
the plurality of blocks, the power supply sys- 
tems being divided into a non-controlled power 
supply group in which power is always on and 
controlled power supply groups in each of 
which groups a supply of power can be turned 35 
on/off independently, 

the non-controlled power supply group com- 
prising power system control means for control- 
ling a timing for turning on/off a power supply 
system of at least one of the controlled power *o 
supply groups, 

each of the controlled power supply groups ex- 
cept a final stage thereof comprising next- 
processing necessity determining means for 
determining whether processing at a next stage 45 
is needed on the basis of a result of determina- 
tion processed in its own controlled power sup- 
ply group. 

2. The semiconductor device according to claim 1 , fur- so 
ther comprising first power switch means for turning 
on/off the power supply system of said at least one 

of the controlled power supply groups in accord- 
ance with a control signal from said power supply 
system control means. 55 

3. The semiconductor device according to claim 1 or 
2, further comprising a plurality of second power 



switch means for turning on/off the power supply 
system of the controlled power supply group of a 
next stage in accordance with a control signal from 
the next-processing necessity determining means 
of the controlled power supply group of the next 
stage. 

4. The semiconductor device according to claim 3, 
when read as appended to claim 2, wherein the first 
and second powerswitch means have a MT-CMOS 
structure. 

5. A portable terminal wherein a supply of power to a 
block unnecessary for intermittent receive control 
processing during a time other than intermittent re- 
ceiving in a standby mode, the portable terminal 
equipment comprising: 

timer means, belonging to a non-controlled 
power supply group in which power is always 
on, for generating a firstcontrol signal that turns 
on a supply of power to a first controlled power 
supply group including a first block necessary 
for determination of in-group incoming call and 
turns off the supply of power during a time other 
than the intermittent receiving; 
first power switch means for turning on/off a 
supply of power to the first controlled power 
supply group in accordance with the first control 
signal from the timer means; 
incoming call determining means, belonging to 
the first controlled power supply group, for gen- 
erating a second control signal that turns on/off 
a power supply to a second controlled power 
supply group including a second block neces- 
sary for processing an incoming call on the ba- 
sis of determination of an in-group incoming 
call by the first block; and 
second power switch means for turning of/off 
power supply to the second controlled power 
supply group in response to the second control 
signal from the incoming call determining 
means. 

6. The portable terminal according to claim 5, wherein 
the non-controlled power supply group, the first 
controlled power supply group, the second control- 
led power supply group, the first power switch 
means and the second power switch means are in- 
cluded in a baseband LSI for W-CDMA. 

7. The portable terminal according to claim 5 or 6, 
wherein the first block is a modem that demodulates 
received data. 

8. The portable terminal according to claim 7, wherein 
the second block is a channel codec part that data 
demodulated by the modem. 
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9. The portable terminal according to claim 8, wherein 
the second block includes a processor that collab- 
orates with the channel codec part. 

10. The portable terminal according to claim 9, wherein 5 
the channel codec part comprises parameter se- 
lecting means for referring to a parameter for data 
receiving prepared in the modem during boot 
processing of the processor after the power supply 

to the second controlled power supply group, and 10 
switching over to a parameter from the processor 
after completion of the boot processing. 

11. The portable terminal according to claim 10, where- 
in the parameter selecting means comprises a pa- is 
rameter setting register storing the parameter from 

the processor necessary for processing in the chan- 
nel codec part, a selector selecting either the pa- 
rameter from the modem or that in he parameter 
setting register, and a parameter address-for-refer- 20 
ence setting part controlling an address for refer- 
ence in the selector. 
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(54) Semiconductor device and portable terminal equipment 



(57) A semiconductor device (1 ) is provided that is 
functionally divided into blocks. The power supply sys- 
tems of the blocks are divided into a non-controlled pow- 
er supply group (2) in which power is always on and con- 
trolled power supply groups (3 1 to 3 n ) in each of which 
groups a supply of power can be turned on/off independ- 
ently. When a power supply system control part (5) of 
the non-controlled power supply group (2) outputs a 
control signal for power on, a power switch part (8 1 ) 
turns on to release the controlled power supply group 
(3^ from the sleep mode, so that the first processing 
part (6^ starts intermittent operation. Only when it is de- 
termined that a first next-processing necessity deter- 
mining part (7.,) determines necessity of the next 
processing, a control signal is generated to activate the 
next power supply group. The blocks unnecessary for 
processing are not supplied with power, so that no leak- 
age current flows and power consumption because 
thereof can be reduced. Such a semiconductor device 
is directed to making unnecessary circuit operation in- 
active to reduce power consumption because of leak- 
age current. 
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